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Beginning of the Space Era 


On October 4, 1957 the Soviet Union 
launched the world’s first artificial 
Earth satellite. This major achieve- 
ment marked a turning point in the 
development of science and engineer- 
ing. 

For milleniums man’s exploration 
of the Earth was confined to its sur- 
face and the lowest layer of the at- 
mosphere. For information about the 
Universe, he had to be content with 
what could be gained with the assis- 
tance of astronomical instruments. 


At present the astronomer has very 
fine equipment at his command. 
Despite the efficiency of such instru- 
ments as telescopes with a five-metre 
mirror, special tower solar telescopes, 
radio telescopes with a span of up to 
76 metres and radio interferometres 
with antenna fields of several square 
kilometres, what they can do is still 
limited. 


The turbulent atmosphere surroun- 
ding the globe makes it impossible to 
ensure large magnification in telesco- 
pes. while conditions in the iono- 
sphere interfere with the working of 
radio telescopes. For these reasons 
astronomers have always dreamt of an 
observatory outside the atmosphere, of 
installing instruments on the Moon 
and the planets, for instance, and tak- 
ing a look at the Earth ‘from the out- 
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Physicists, chemists, geologists, bio- 
logists and physicians as well as as- 
tronomers, are interested in changing 
from indirect to ‘direct methods of 
exploration, in making closer contact 
with the Universe, and consequently 
in taking research equipment outside 
the atmosphere, beyond the bounda- 
ries of the globe’s magnetic field. 

Direct methods of exploration of 
space can help physicists uncover the 
secrets of the so-called elementary 
particles, their structure and intricate 
interaction. 


On the science of elementary parti- 
cles is based the immense edifice of 
the science of nature. The experimen- 
tal foundation of the science of ele- 
mentary particles is the physics of 
high energy particles. There are two 
areas of investigation of high energy 
particles: first, the construction of po- 
werful accelerators to increase enor- 
mously the velocity of the par- 
ticles and communicate to them 
great energy with the help’ of 
magnetic fields; second, investiga- 
tions connected with the study of 
cosmic rays which come to the Earth 
from the depth of the Universe. Nu- 
clei of the atoms of hydrogen and 
helium and nuclei of heavier ele- 
ments, which make up cosmic rays, 
are increased in Mother Nature’s ac- 
celerators to stupendous velocities, re- 
sulting in the appearance of particles 
with an energy thousands of millions 
of times greater than that of the par- 


ticles in terrestrial accelerators. In or- 
der to learn the nature of matter it is 
necessary to unravel the mysterious 
mechanism of space “accelerators” 
and use the particles they produce. 


The accumulation of new experi- 
mental data will help man to under- 
stand the many intricate laws concer- 
ning the processes taking place in the 
Sun. 

The Sun, apart from providing light 
and warmth. also produces the Roent- 
gen ray. ultra-violet ray and corpus- 
cular emissions, which do not penc- 
trate to the Earth's surface, but greal- 
ly influence the density. temperature 
and chemical composition of the up- 
per atmosphere, the state of the ion- 
osphere and radio communication con- 
ditions, the variations of the magnetic 
field and radiation conditions in outer 
space. Connected with solar activity 
are such grandiose natural phenomena 
as the Auroras during which energy 
is produced in tremendous quantities. 


So far biology and geology have 
been considered the most earth-bound 
of the sciences—their purpose being 
to investigate objects on the globe. 
But should living beings be discove- 
red on Mars or Venus and study be 
undertaken of the origin and develop- 
ment of  nonterrestrial biological 
forms, biology would assume much 
wider scope. 


In geology, scientists would be able 
to study other planets, their struc- 
ture, surface and what lies beneath it. 
‘This would help solve many problems 
connected with the exploration of our 
planet. Geology would become part of 
the all-embracing science of planeto- 
logy. 

One can say with confidence that 
space research provides conditions for 
a giant leap forward in the develop- 
ment of all the natural sciences. 


On a more practical plane, the ex- 
ploration of space is of immense im- 
portance for radio and TV communi- 
cations, for weather forecasting. and 
navigation. 

Balloons and flying machines made 
active and systematic study of the 
lower atmosphere possible. Radio- 
sondes enabled researchers to probe 
the atmosphere up to an altitude of 
about 30 km. Some idea of the struc- 
ture of the upper atmosphere was for- 
med through observation of meteor- 
ites. the luminocity of the night sky. 
the Aurora, and the propagation of 
acoustic waves from = superpowerful 
explosions. The lower atmosphere was 
also sounded with radio pulses of 
variable lengths. Extensive information 
on processes taking place in the atmo- 
sphere. the ionosphere and in the Sun 
was obtained with geophysical rockets. 

Our knowledge of the pressure. 
density and temperature of the up- 
per atmosphere has increased. Rockets 
have made it possible to study the 
ion composition and concentration of 
electrons at altitudes of several hun- 
dred kilometres and to investigate the 
ultraviolet part of the solar spectrum. 
Photographs have been obtained of 
the Earth’s surface and cloud forma- 
tions have been filmed from great al- 
titudes. Rockets have made it possi- 
ble to obtain information about the 
distribution of the brightness of the 
sky by day and by night, about the 
concentration and energy of micro- 
meteorite particles. ete. However, all 
these observations have been restric- 
ted in time and space. Data on the 
state of the atmosphere from one 
point of the globe only, and registered 
for only a few minutes, is not satis- 
fying to scientists. Besides, the results 
obtained are not always reliable or 
comprehensive enough. 

Thus, for many branches of science 


the sputnik met a vital need—inves- 
tigations beyond the dense layers of 
the atmosphere at different latitudes 
and over lengthy periods. 

The International Geophysical Year 
(IGY) programme. which began in 
July. 1957, was then under way. This 
was a stupendous scientific undertak- 
ing in which 64 countries, including 
the USSR and the USA. took part. It 
was these two countries that, aware of 
the vital need for and the importance 
of Earth satellite exploration in com- 
bination with ground = observations. 
had actually proposed that a satellite 
be put into orbit under the [GY prog- 
ramme. 

In developing the programme. of 
space research with satellites Sovict 
scientists planned comprehensive ex- 
periments. There was the necessary 
scientific and technical basis for this. 
but there were also difficulties. These 
concerned above all the choice of mea- 
suring tnstruments and the ensuring 
of their operation during transmission 
of data to be received and processed 
on Earth. The object of investiga- 
tion-——space---was then still largely a 
mystery. The only information avai- 
lable was based on terrestrial obser- 
vations and rocket probings. Investi- 
gations with Earth satellites might be 
unsuccessful because of incorrect as- 
sessment of the quantities measured. 
The sensitivity or measuring range of 
the instruments might prove inade- 
quate. It was not known what tempe- 
rature should be maintained in an or- 
biting satellite; it might get overhea- 
ted, or the temperature might fall be- 
low the permissible level, causing the 
breakdown of the instrumentation. 

Scientists were faced with the pro- 
blem of developing satellite systems 
and on-board facilities that would 
operate for more than a single ses- 
sion-—in other words, the prospects 


of space research had to be taken in- 
to account. 

Selection of the sputnik’s orbit and 
the general arrangement of instru- 
mentation had to meet equally intri- 
cate and often conflicting demands. 

In tackling these problems, each 
new step in the investigations had to 
be considered from every angle with 
a view to obtaining the maximum re- 
sults from the experiment. These con- 
siderations subsequently determined 
the strict sequence of studies which 
characterized Soviet space research. 


The Very First 


One of the main purposes of launch- 
ing the sputnik was to determine the 
parametres of the upper atmosphere. 
Vhe spherical shape of the satellite 
was well-chosen for that. The sputnik 
moved in an elliptical orbit with an 
apogee of about 1,000 km. Its perigee 
lay in the upper atmosphere and 
gradually lowered owing to atmosphe- 
ric resistance. By observing changes 
in the parametres of the sputnik’s or- 
bit it was possible to determine with 
sufficient accuracy the degree of its 
lag. From its mass, shape and size 
it was comparatively easy to compute 
the value of the drag and then to cal- 
culate the density of the upper layers 
of the atmosphere. A similar experi- 
ment was made by observing the bra- 
king of the sputnik’s carrier rocket. 

An equally important experiment 
was the investigation of the iono- 
sphere. This was done by observing 
the propagation of radio waves emit- 
ted by the sputnik which had on board 
transmitters operating on 20.005 mec 
and 40.002 mc. 

Since the distance between the sa- 
tellite and the tracking stations al- 
tered, there was also a change in the 


quantity of ions between the satel- 
lites transmitter and receiver on the 
ground. This produced a change in 
the nature of registered radio signals. 
helping to give an idea of the state 
of the ionosphere. 

Besides. the radio signals of thesc 
frequencies propagate through the 
ionosphere in a curve rather than a 
straight linc. Measurements of the 
difference in time between the satel- 
lite’s optical and radio rising (and set- 
ting) made it possible to determine the 
curvilinear distortion of the radio 
beam and thereby the electron den- 
sitv in the path of this beam. 

Investigation of the peculiarities of 
shortwave propagation in the iono- 
sphere was of exceptional importance 
for ensuring reliable communication 
with space vehicles. 

Radio sigrals transmitted by the 
first sputnik were used not only for 
sounding the ionosphere but also for 
sending to Earth measurements made 
by the instruments on board the sput- 
nik. Temperature conditions inside 
the capsule were investigated, among 
other things. 

The sensors which registered tem- 
perature fluctuation changed the fre- 
quency of telegraphic signals and the 
signals pauses ratio. The ground track- 
ing stations registered all changes. 
Investigation of the temperature con- 
ditions in the capsule of the first 
sputnik was necessary for determin- 
ing the optimal thermal conditions 
for the operation of the on-board in- 
strumentation and for checking the 
efficiency of the thermoregulation sys- 
tem. 

Without all this-it would have been 
impossible to prepare for the next 
phase of space research—the biologi- 
cal experiment with a dog. or for the 
final and key task—manned space 
flight. 


What Laika Had to Tell 


By the time the first Earth satellite 
was launched researchers had carried 
out a whole series of medicobiologi- 
cal experiments with the help of high- 
altitude and geophysical rockets. They 
had accumulated sufficiently exten- 
sive information on living organisms 
reaction to various factors under con- 
ditions closely resembling, those of a 
space flight. by launching rockets 
with test animals to altitudes of seve- 
ral hundred kilometres. Those experi- 
ments established the ability of living 
beings, 1.c. dogs, to endure satisfacto- 
rilv the great stresses during the take- 
off and landing. They also endured 
well the state of weightlessness during 
power-off flight. However. the dura- 
tion of weightlessness in these flights 
was too short for the results obtai- 
ned to be applied to the conditions of 
orbital flight. 

November 38. 1957 saw the launch- 
ing of the second Earth satellite with 
the dog Laika on board. That experi- 
ment vielded information on the phy- 
sical condition of a living being dur- 
ing space flight over a period of a 
week. 

During telemetry sessions Laika 
“gave an account” of her state. This 
account enabled scientists to deter- 
mine conditions for the normal func- 
tioning of a living organism in outer 
space, which was of tremendous sig- 
nificance for future manned flights. 

The physical experiments carried 
out with the second satellite were in 
some measure similar to those made 
with the first—determination of the 
atmospheric density by observing the 
drag. study of ionospheric characte- 
ristics by observing the propagation 
of radio waves. and registration of 
temperature changes inside the instru- 
ment container which. incidentally. 


was an exact replica of that on board 
the first satellite. 

Instruments, registering the number 
of particles in cosmis rays. were also 
installed in the second satellite. One 
of the most important results obtai- 
ned from the physical experiments 
with the second satellite was the dis- 
covery of the growing intensity of the 
flux of charged particles of high ener- 
gv as the altitude of flight and the ge- 
omagnetic latitude of the point over 
which the satellite was passing at a 
given moment increased. Subsequent- 
ly, it was found that this was due to 
the satellite entering the Polar regi- 
ons of the outer zone of the radiation 
belt. That was the first indication of 
the existence of a zone of high-ener- 
gy particles around the Earth. 


Laboratory in Space 


May 15, 1958 saw the launching of 
the third Soviet satellite. By its tech- 
nical characteristics and the number 
of parameters it could measure, it was 
much superior to the first two satel- 
lites. It weighed 1,327 kg, of which 
968 kg were taken up with the instru- 
mentation and power supply. During 
its lifetime of about two years the sa- 
telliie made more than 10,000 orbits 
around the Earth. The use of solar 
batteries as power supply made it 
possible to obtain scientific informa- 
tion over a long period of time. 

Measurements of high-energy par- 
ticles showed, for instance, that in all 
cases when the satellite entered the 
zone between 55° and 65° latitude, 
both North and South, there was a 
sharp increase in the braking roent- 
gen radiation. It was observed that 
its intensity increased with altitude. 
This resulted from the bombardment 
of the satellite's shell by electrons ha- 


ving an energy of 100 kw which star- 
ted as soon as the satellite entered 
the zone of intensive radiation. This 
zone soon came to be called the outer 
zone of the radiation belt. 

The density of the upper atmo- 
sphere was determined this time by 
observation of the changes in the para- 
meters of the satellite's orbit as a re- 
sult of the drag, and by registration 
of the pressure with ionization and 
magnetic manometers. 

The values of the density of the 
upper atmosphere obtained by means 
of the satellites proved to be 
much higher than the pre-calculated 
values. It should be stressed however 
that it was a period of maximum so- 
lar activity, when the atmosphere is 
heated and expands further into ou- 
ter space. Indeed, subsequent investi- 
gations proved the cooling and “‘set- 
ting’’ of the atmosphere at other pe- 
riods. 

Investigation of the parameters of 
the ionosphere with the third satellite 
was carried out by varied methods: 
by observing the propagation of radio 
waves emitted by the satellite's po- 
werful transmitter, and by means of 
instruments for direct measurement 
of the concentration of positive ions 
in the satellite’s path. The composi- 
tion of the positive ions was studied 
by means of a radiofrequency mass 
spectrometer. 

The sputnik had a_ self-orienting 
magnetometer to measure the Earth’s 
magnetic field at great altitudes; it 
registered the full intensity of the 
magnetic field. The magnetometer 
was also used to determine the orien- 
tation of the satellite, which was im- 
portant for the interpretation of 
other measurements. 

Satellite-borne instruments registe- 
red the intensity of primary cosmic 
rays, and experiments were made to 


determine the quantity of heavy nuc- 
lei in cosmic radiation. 


Several sensors registered microme- 
teorite impacts. Because of the large 
number of experiments it carried out 
and their diverse nature, the third 
sputnik may be called a research sta- 
tion in space. This project enabled 
Soviet scientists to carry out investi- 
gations on all relevant points of the 
IGY programme which they had taken 
upon themselves. 


In early 1958 American scientists 
began their programme of space re- 
search with Earth satellites. Because of 
difficulties in realizing the Vanguard 
project, specially planned for the 
IGY, a different satellite, Explorer-1, 
weighing just 5.6 kg (less the last 
stage) was launched first. The diminu- 
tive Vanguard-1 was put into orbit 
somewhat later. It carried no instru- 
mentation other than two radio tran- 
smitters, one of which was powered 
by solar batteries. 


Because of the absence of sufficient- 
ly powerful rockets in the USA at that 
time, the first American satellites 
could carry only a small amount of 
equipment. Their flights were each in 
the nature of a specific physical ex- 
periment. Explorer-7, a satellite with 
a comprehensive research programme, 
was launched only in late 1959. 


At the Source of Astronautics 


It was in Russia that the first rocket- 
powered flying machine was designed. 
The inventor was Nikolai Kibalchich 
who in 1881 was sentenced to death 
for taking part in the attempted as- 
sassination of Tsar Alexander II. 
While in prison Kibalchich wrote sci- 
entific papers on a flying machine pro- 
pelled by a gun powder rocket en- 


gine. Awaiting the day of his execu- 
tion, the condemned man thought not 
of death, not of writing an ap- 
peal for mercy, but of his ideas 
which he had not been able to 
realize, of the benefit that the 
rocket could bring man. Kibalchich’s 
papers were found, published and ac- 
claimed only after the socialist revo- 
lution of October 1917. 

In 1897 Professor Ivan Meshchersky 
of the St. Petersburg Polytechnical 
Institute evolved an equation for the 
motion of a variable mass, thereby 
making an important contribution to 
the fundamentals of rocketry. 

The role of K.E.Tsiolkovsky. a 
brilliant Russian scientist and drea- 
mer, in the development of astronau- 
tics is truly unique. Flis_ classical 
work, Exploration of the Universe 
with Rocket-Propelled Instruments 
was published in 1903. In it Tsiolkov- 
sky formulated for the first time the 
fundamentals of the mechanics of 
rocket flight and the principles of 
designing rockets and liquid-fuel ro- 
cket engines. Tsiolkovsky was also 
the first to expound the idea of an 
electric rocket engine in which thrust 
is created by expulsion of charged 
particles. He pointed out the advan- 
tages of a nuclear rocket engine. But 
that was for the distant future. Mean- 
while, the scientist suggested building 
liquid-fuel rockets using liquid oxy- 
gen, ozone and nitrogen pentoxide as 
oxidants, and liquid hydrogen, meth- 
ane, benzene, gasoline, turpentine 
and some other substances as fuel. 
Tsiolkovsky conceived a number of 
constructive ideas which have been 
applied in modern rocketry: a pump 
system for fuel supply, rudders in the 
gas stream, cooling of the combustion 
chamber by fuel components, etc. 

Tsiolkovsky considered that rockets 
should be used for the “exploration 


of the expanses of the Universe,” and 
not for military purposes. 

However. under the conditions of 
the pre-revolutionary Russia Tsiolkov- 
sky's brilliant ideas found no_ sup- 
port. There were neither sufficiently 
skilled) personnel to implement his 
projects. nor the necessary technical 
facilities. 


The USSR, Home of Astronauties 


Since the early 20°s the works of So- 
viet scientists have held the leading 
place in the theory of astronautics. 
Research in rocketry which put Tsi- 
Olkovsky’s ideas into practice was 
started on May 15. 1929 with the set- 
ting up of the first experimental de- 
signing bureau at the Laboratory of 
Gas Dynamics (LGD) in Leningrad. 
That bureau was to develop electric 
and liquid-fuel jet engines. At the 
LGD for the first time the theory was 
proved by experiments that it was. in 
principle. possible to make use of an 
electric jet engine employing as _ pro- 
pellants solid and liquid conductors 
exploded by electric current in a 
chamber with a nozzle. From 1930 to 
1931 the stall of the same laboratory 
developed and built the Soviet Uni- 
on’s first liquid-fuel jet engines. Self- 
igniting fuel and chemical ignition 
were proposed. In 1933. official test 
stand trials were made of the experi- 
mental engines ORM-50 (with a 
thrust of 150 kg) and ORM-52 (with 
a thrust of 300 kg). 

In 1931, the Central Group for the 
Study of Jet Propulsion (CGSJP) for 
rockets was formed under the gui- 
dance of F. Zander. This group also 
issued information on interplanetary 
flights. 

Then CGSJP became an industrial 
enterprise. headed by Sergei Korolev. 
In 1933 the enterprise built and laun- 


ched the first Soviet experimental ro- 
cket using liquid oxygen and_ solidi- 
fied petrol as fuel. The same year saw 
the launching of another rocket— 
GSJP-10 fueled with liquid oxygen 
and alcohol. This rocket had a para- 
chute. which brought it gently back 
to Earth. This principle of retrieving 
the rocket and its instruments proved 
so effective that it is now widely used 
for meteorological and geophysical 
rockets. 

In 1934 the stalfs of -LGD and 
CGSJP were united to form the Rese- 
arch Institute of Jet | Propulsion 
(RIJP) headed at first by Ivan Kle1- 
menov. and then by Grigory Lange- 
mak. It was at that Institute that a 
group of Soviet rocketry specialists 
produced experimental ballistic and 
winged rockets and the cngines for 
them. 

The assault of Nazi Germany on 
the USSR interrupted the peaceful 
development of Soviet rocketry. Our 
designers and engineers were compel- 
led to direct their efforts to the deve- 
lopment of missiles for the country's 
defence. 

After the war. work on the prob- 
lems of non-military rocketry and as- 
tronautics was resumed. More experi- 
mental designing bureaus and_ rese- 
arch institutes were established. Be-. 
ginning with the second half of the 
40’s the Soviet Union started explor- 
ing the upper layers of the atmo. 
sphere with rockets. Since 1951 rockets 
have also been used for meteorologt- 
cal observations. Rocket research con- 
tinued on a grand scale during the 
IGY. Along with geophysical experi- 
ments rockets were also used for bio- 
logical studies. Systems for landing 
animal passengers and instrumenta, 
tion packs were developed. Rockets 
such as B-24 could lift a payload of 
2.200 kg to an altitude of 212 km. 


The B-5B type of geophysical rocket. 
which was also used for astrophysical 
and biological investigations, went up 
912 km with a payload of 1,300 kg. 

The study of near space carried out 
by the Soviet Union and the USA 
with rockets and satellites under the 
IGY programme provided the first and 
fairly general information about the 
parameters of the upper atmosphere 
and the physical processes taking 
place there. Thorough processing of 
the experimental material obtained by 
the first space scouts tremendously en- 
larged and in some cases substantially 
changed the theories and conceptions 
of the physical and chemical charac- 
teristics of the upper atmosphere. 

However, these were only the first 
steps in unravelling the mysteries of 
the Universe. There remained many 
points that required checking and 
confirmation. The research carried out 
with the first three satellites came at 
the peak of the 11-year cycle of solar 
activity. In order to study the depen- 
dence of the parameters of the upper 
atmosphere and the interplanetary 
medium on_ solar activity and_ to 
gather material on the period of the 
ebb and minimum solar activity for 
further statistical processing, it was 
necessary to have systematic sputnik 
flights and carry on observation of 
spatial phenomena. 

Moreover, after the successful so- 
lution of the initial problems, the 
need arose for conducting specialized 
comprehensive experiments in prepa- 
ration for the solution of more com- 
plicated problems and the attainment 
of new stages in man’s conquest of 
space. 


Spaceships Probe the Unknown 


Between May 15, 1960 and March, 
1961 the Soviet Union launched five 


super-heavy orbiting spaceships. The 
main object of these flights was to de- 
velop on-board systems. to study the 
paths for a manned flight and to make 
further medicobiological — investiga- 
tions in preparation for this flight. 
Satellite spaceships were used in a 
number of physical experiments con- 
cerning the study of cosmis rays. the 
registration of cosmic radiation levels 
and investigation of the ultraviolet 
and roentgen radiation of the Sun. 
Scientists had to determine the actu- 
al radiation danger during manned 
space flight. Dosimetric instruments 
for measuring space radiation on 
board the ships showed that the cap- 
sule casing was adequate protection 
against radiation at the altitudes at 
which satellite spaceships fly. 

An unexpected result from the mea- 
surements made by gas-discharge 
counters was the discovery of several 
areas of increased radiation in the So- 
uthern Hemisphere—over the South 
Atlantic (the Brazilian anomaly) and 


over the Indian Ocean (the Cape 
Town anomaly). 
Research done on_ board satellite 


spaceships on ultraviolet and roent- 
gen ray emissions was of great im- 
portance. Though the sun emits ener- 
gy in a very broad range of wave 
lengths only a small part of the spec- 
trum of this radiation reaches the ob- 
server on Earth. The whole band of 
ultrashortwave emission——ultraviolct 
rays, Roentgen and gamma rays for 
instance—are absorbed by the ter- 
restrial atmosphere. At the same time 
the study of short wave emissions of 
the Sun are of considerable scientific 
and practical interest. The main ra- 
diation of the outer spheres of the 
Sun. still almost unexplored, is con- 
centrated in this part of the spectrum. 
It is under the elfect of shortwave ra- 
diation that the terrestrial ionosphere, 
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determining the conditions of radio 
communication, is formed. These 
emissions have an influence on the 


molecular composition and density of 


the upper atmosphere, and conse- 
quently on the heat balance of the 
atmosphere’s lower layers. 

The information gained during the 
flights by spaceships was examined 
against data gleaned from terrestrial 
observations of the ionosphere, chro- 
mospheric flares and other phenome- 
na connected with solar activity. 


‘“Sentries of Science” 


On March 16, 1962, the first of the 
Kosmos series of satellites went into 
orbit around the Earth. Soviet scien- 
tists started a new extended program- 
me of investigation of the upper at- 
mosphere and near-Earth space. By 
the 6th anniversary of the launching 
of the first satellite there were more 
than 200 sputniks of this series in 
orbit. 

The data they provide helps the 
study of the radiation belts of the 
Earth, the magnetic fields and the 
shortwave emissions of the Sun. The 
instruments they carry record the con- 
centration of charged particles in the 
ionosphere, a condition influencing the 
propagation of radio “aves. Equally 
important is the data the sputniks 
supply on the distribution of cloud 
formations in the Earth’s atmosphere. 

The Kosmos sputniks also help 
solve many technical problems con- 
nected, among other things, with im- 
proving the design of space vehicles. 

Orientation control, re-entry, land- 
ing in a pre-set area and life-support 
systems are worked out on them. 
Simultaneously, reliability of the pro- 
tection for the spaceship from radia- 
tion is tested. 


The designs of the Kosmos sputniks 
are as varied as the research they do. 
Depending on the purpose of the ex- 
periment they are powered by chemi- 
cal or solar batteries. They can be 
orientated either with respect to the 
Sun or to the Earth. When it is ne- 
cessary to retrieve the instrumenta- 
tion container they are brought back 
to Earth by means of retrorockets and 
parachute systems. 

Yet, the Kosmos sputniks have 
many common design features. They 
all have the same service systems, the 
same scheme for the control of on- 
board apparatus, power supply, etc. 
Many of the parts do not require new 
development each time and can be 
manufactured serially. Naturally, this 
helps considerably to reduce the costs 
of building sputniks and carrying out 
research. 

Kosmos sputniks are launched from 
the many rocket ranges in the Soviet 
Union. The parameters of their orbits 
differ vastly both as to inclination and 
altitude in apogee and perigee. In ca- 
ses when simultaneous measurements 
have to be made at different points of 
space with several sputniks, fitted 
with similar instrumentation, these 
are put into orbit by a single carrier 
rocket. Several types of two- three- 
and four-stage rockets of different ca- 
pacities have been developed for this 
purpose. The first of the carrier ro- 
ckets of the Kosmos series was a two- 
stage vehicle of the same name, which 
performed well from the very first 
launching on March 16, 1962. 

During the past years we have cer- 
tainly learned a lot from the satellites 
of the Kosmos series. Of great practi- 
cal interest are the data received on 
the radiation of the inner and outer 
zones of the radiation belt. Lengthy 
measurements carried out with the 
Kosmos satellites made it possible to 
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determine the intensity of radiation 
inside the satellites and in surround- 
ing space. Investigations have been 
made of the dependence of this radi- 
ation on solar activity and geomagne- 
tic disturbances. A detailed study was 
made of the distribution and intensi- 
ty of charged particles in the areas 
of the South Atlantic and the Brazi- 
lian coast where magnetic field ano- 
malies were observed. 


Of great interest to geophysicists 
are the investigations of fluxes of low- 
energy electrons and ions known as 
“geoactive corpuscles,’ which may 
prove to be the source of energy of 
various processes taking place in the 
upper atmosphere. As a result of these 
investigations, the “softest” partic- 
les were discovered—electrons with 
energies of several score electron- 
volts. These electrons are formed dur- 
ing ionization of the upper atmo- 
sphere by the ultraviolet radiation of 
the Sun. 


Earth satellites of the Kosmos se- 
ries were used to continue the study 
of the ionosphere and of the conditi- 
ons of radio wave propagation. This 
was done by ground-station recording 
of the radio signals from the on-board 
Mayak transmitters. 


Study of the ionosphere was also 
carried out by means of various types 
of charged-particle traps. This led to 
the discovery of a substantial change 
in the vertical distribution of char- 
ged particles as compared to 1958, 
when the Sun was most active. 


Under the programme for a world 
magnetic survey and on the basis of 
measurements with instruments of 
special design—proton magnetome- 
ters—experimental data were obtai- 
ned on geomagnetic field intensity at 
altitudes of about 300 km. Several 
Kosmos satellites were equipped with 


instruments for studying the infrared 
and ultraviolet radiation reflected by 
the Earth. The results of these mea- 
surements are of great value for geo- 
physics; they also furnish important 
data for developing meteorological sa- 
tellites, improving orientation control 
systems, etc. 


Until recently the existence of the 
so-called dust cloud (consisting of tiny 
particles) around the Earth was not 
questioned. In keeping with this as- 
sumption it was necessary to take 
into account, in designing spaceships, 
the danger of collision with meteori- 
tes especially during manned flights. 
The data giving rise to this assump- 
tion was obtained from direct measu- 
rements made with rockets, sputniks 
and space craft at various distances 
from the Earth. Most of these expe- 
riments were made with piezoelectric 
impact detectors. A drawback they 
all have is that internal noises resul- 
ting from temperature changes can 
be mistaken for impact with micro- 
meteorites. In some of the Kosmos 
sputniks piezosensors were used. but 
special measures were taken to re- 
duce the level of interference. 


The new experiments revealed 
that the frequency of impacts with 
dust particles was a thousand times 
less than registered during earlicr re- 
search. 


Kosmos sputniks have also been 
used in investigating shortwave emis- 
sions Of the Sun. These experiments 
were made at a time when the Sun 
had entered a new phase of increa- 
sed activity. Their purpose was to ac- 
cumulate material on the statistics of 
X-ray flares and the dynamics of their 
development. The results registered 
were also used to determine the tem- 
perature and electron concentration 
in the solar corona, the nature of X- 


ray flares and their connection with 
optical flares. 

Kosmos sputniks were the first to 
be used for testing molecular gencra- 
tors-—masers—under conditions — of 
space flight. It is expected that with 
the help of these generators it will be 
possible experimentally to check some 
of the theses of the general theory of 
relativity. 

Data on the aerodynamic braking 
of Kosmos satellites were used for 
calculating the distribution of atmos- 
pheric density and assessing its varia- 
tions in the 170-300 km altitude range. 
Specifically, changes in the density 
of the upper atmosphere depending 
on solar activity were studied. 


Four “Elektrons”™ 


The most important scientific event 
in the study of near space with the 
early satellites was the discovery of 
the so-called radiation belts of the 
Earth. These proved to be a very in- 
tricate formation both as to nature 
and structure. The most contradicto- 
ry opinions were expressed about the 
mechanism of their appearance and 
the composition of particles. 

All these questions had to be che- 
cked experimentally. Since there were 
reasons to assume that the = radia- 
tion belts were exclusively a dynamic 
formation, connected with other geo- 
physical phenomena and solar activi- 
tv, it was necessary to take integra- 
led, synchronized measurements al 
different points in near space. This 
approach called for the development 
of a special system consisting of al 
least two sputniks placed simultanc- 
ously into vastly different orbits by 
one carrier-rocket. The Soviet Union 
had the superpowerful rockels neces- 
sary for this purpose. The first step 


was made on January 30, 1964, when 
a space system consisting of two pro- 
bes, Elektron-1 and Elektron-2, was 
launched. The separation of Elek- 
tron-1 was carried out when the en- 
gine of the last stage of the carrier 
rocket was still working. Subsequent- 
Iv the second sputnik separated from 
the rocket. 

The research programme carried 
out by the Elektron system envisaged 
a study of the low-energy and _ high- 
energy particles making up the radia- 
tion belts, the Earth's magnetic field. 
cosmic rays, the chemical composition 


of the gas medium in near-Earth 
space. the shortwave emissions of the 
Sun, cosmic radio emissions and 
micrometeors. 


To continue the investigations be- 
gun on July 11, 1964, the Elektron-3 
and Elektron-4 probes were put into 
orbit - simultaneously. Their instru- 
mentation was identical to that carri- 
ed by Elektron-! and Elektron-2, and 
was intended for carrying out similar 
tasks. 

The experiments showed that there 
is a close connection between the ra- 
diation belt and such’ geophysical 
phenomena as the Auroras. magnetic 
storms and deformation of the outer 
magnetosphere of the Earth. Appa- 
rently the main dynamic process in 
this complex of phenomena is the in- 
teraction of solar corpuscular fluxes 
with the geomagnetic field. In- this 
connection (he terms “inner” and “ou- 
ter” radiation belts are at present of 
a purely conventional nature and are 
used mainly in the historical aspect. 
for it has been proved that this is a 
single complex formation existing in 
the magnetosphere of the Earth. 

There are dillerent ideas now about 
the composition of the radiation 
belts. Whereas initially il was conside- 
red that the “inner” bell consisted of 


protons with an energy of scores of 
megaelectronvolts and that the ‘ou- 
ter” belt consisted of clectrons with 
an energy of scores of kiloelectron- 
volts, research has shown that the en- 
tire sphere of radiation belts consists 
both of protons and electrons, and 
that the intensity of both changes de- 
pending on the distance from _ the 
Earth. The inner parts of the radia- 
tion belt are rather stable, and the flu-- 
xes of particles there do not alter sub- 
stantially. The greater the distance 
from the Earth, the greater the varia- 
tions of intensity which in a_ sub- 
stantial measure depends on a geo- 
magnetic latitude. 


“Protons” in Orbit 


About 50 years ago it was established 
that from the depths of the Universe 
there comes to Earth some very 
strong “radiation” which can penet- 
rate even thick layers of lead. It was 
found that these so-called cosmic rays 
consisted of the protons of the nuclei 
of atoms of hydrogen and heavier ele- 
ments, for instance, iron and nickel. 
The velocity of these rays approaches 
that of light. 

Cosmic rays are of a remarkably 
stable nature—their intensity in dilfe- 
rent directions is absolutely the same 
and changes very little with the 
course of time. 

Investigation of these rays, carried 
out by physicists in many countries, 
helped to establish the extremely mul- 
tifarious nature of the elementary 
particles which make up the substance 
of the material world surrounding 
us; they also helped to lay the foun- 
dation of a new branch of science— 
the physics of elementary particles. 
As they study the interaction of high 
energy particles with matter scientists 


obtain information on their proper- 
ties: mass, electrical charge, the forces 
acting between particles, and the dis- 
tinguishing features of their structure. 

Cosmic rays make a_ substantial 
contribution to the energy balance of 
the inter-stellar space and are among 
the most important component ele- 
ments of the Universe. That is why 
the study of their origin and changes 
during movement in outer space is 
important also for astrophysics. 

The appearance of sputniks and 
space rockets opened vast prospects 
for the study of cosmic rays. The 
composition of cosmic radiation ob- 
served by terrestrial stations is vastly 
different from that of primary rays. 
Before reaching the Earth this radia- 
tion changes substantially as a result 
of interaction with the nuclei of atoms 
in the atmosphere. The magnetic field 
also introduces tangible distortions. 
Even at altitudes of 25-30 km above 
sea level (such altitudes are reached 
by radiosondes) the composition of 
cosmic radiation cannot be considered 
as coinciding with the primary. 

The mightiest of the accelerators, 
can produce particles with an energy 
of only several score Bey. And in cos- 
mic rays there are particles with ener- 
gies reaching 10!'°—10!' Bev. 

Added interest is given to research 
done with sputniks and rockets becau- 
se the study of some phenomenon can 
be continued at any length, some- 
thing which is impossible in terrestrial 
laboratories. What is particularly im- 
portant is that now apparatus weigh- 
ing scores of tons can be put into or- 
bit around the Earth. With such hea- 
vy equipment it is possible to study 
high and superhigh energy particles 
and to measure the energy of each se- 
parate particle. 

A vast amount of experimental ma- 
terial was provided by the three spa- 


ce probes of the Proton series. Thus, 
the number of superheavy nuclei re- 
gistered by the instrumentation of 
Proton sputniks is several times grea- 
ter than the figure obtained in all the 
preceding years of the study of cos- 
mic rays. The energy spectrum and 
the content of cosmic rays was deter- 
mined with a high rate of accuracy. 

A new carrier rocket was develo- 
ped for launching the Proton sput- 
niks. The total capacity of the rocket's 
power units was more than 60 milli- 
on hp, and its orbited payload 12.2 
tons. 


Man Penetrates Into Space 

\ 
Successes in space exploration with 
artificial Earth satellites and space- 
craft prepared the way for man’s 
flight in space. 

Superpowerful carrier rockets were 
developed, which could put a manned 
spaceship weighing over 4.5 tons into 
orbit around the Earth. 

The problem of spaceship re-entry 
is complex both — scientifically and 
technically. Its successful solution de- 
pends on a knowledge of the physics 
of the atmosphere, the laws of move- 
ment and heating of bodies at the 
great speeds reached during re-entry, 
of how to protect the surface of the 
ship from the vast heat fluxes appe- 
aring during braking in the atmo- 
sphere. 

The Soviet Union had long before 
solved the problem of retrieving high- 
allitude rockets used to probe the at- 
mosphere and to make biological ex- 
periments. Duinmy models of the last 
stages of superpowerful rockets tested 
as far back as January, 1960 were 
adapted for passage through dense at- 
mosphere. Manned flight through the 
upper atmosphere could be performed 


already then; only it would have been 
ballistic, not orbital flight. The idea 
of a manned ballistic flight was rejec- 
ted in the USSR, since flight on a bal- 
listic trajectory is not the same as 
space flight and contributes nothing 
towards the solution of the major 
problems of preparing the first man- 
ned space flight. 


Pre-Start Preparations 


Life-supoprt, attitude-control, re-ent- 
ry and landing systems were worked 
out and tested on satellite spaceships 
with animal passengers. Retrievable 
spacecraft enabled scientists to make 
comparative studies of the animals’ 
condition before and after flight and 
draw conclusions as to how a space 
journey affects living organisms. 

The experiments with the 4th and 
5th spaceships were what one may 
call a dress rehearsal for manned 
space flight. These ships were put in 
an orbit which had been selected for a 
space vehicle to be piloted by man, 
and the duration of their flight was 
the same. 

Thousands of Soviet citizens, peo- 
ple of different ages and occupations, 
volunteered to make a flight into 
space. It is generally known that dur- 
ing space flight man is subjected to the 
action of specific forces—acceleration, 
weigthlessness, vibration, etc.—and to 
considerable nervous and emotional 
strain. Meanwhile, the astronaut must 
pilot the ship, maintain fitness for 
work and keep a cool head in diffi- 
cult situations. All this meant that the 
space pilot must have perfect health, 
excellent psychological qualities and 
a high level of general and technical 
training. 

As a result of clinical and physiolo- 
gical screening of a great number of 


volunteers, a team was selected, which 
began a programme of intense train- 
ing on specially designed stands and 
training installations simulating on the 
ground and in airplane flight the con- 
ditions of space flight. 

During plane flights investigations 
were made of the reactions of each 
of the astronaut trainees to weigth- 
lessness and to transition from weight- 
lessness to increased G-forces. 


A special training programme was 
designed to give the astronauts the ne- 
cessary information on the basic the- 
oretical. questions associated with the 
tasks of the coming flight. 

Yuri Gagarin was selected from the 
astronaut team to make the world’s 
first manned space flight. 


Around the Globe in 108 Minutes 


The spaceship Vostok piloted by Ga- 
garin was launched on April 12, 1961, 
from the Baikonour Cosmodrome si- 
tuated at 47° North, 65° East. The to- 
tal duration of flight was 108 min, the 
maximum height of the orbit being 
327 km. Vostok landed near the vil- 
lage of Smelovka, Ternovka District, 
Saratov Region. 

The rocket which put the ship into 
a circumterrestrial orbit consisted of 
three stages and had a total length 
of 38 m and a maximum diameter (in 
the stabiliser belt) of 10.3 m. The 
first stage had four lateral sections— 
19 m long and up to 3 m in diameter. 
The second stage was the central sec- 
tion of the rocket. This section was 
28 m long and up to 2.95 m in diame- 
ler. The third stage was 10 m long 
and had a diameter of 2.58 m. The ro- 
cket’s six engines with a capacity of 
200 million hp developed the aggrega- 
te maximum thrust of 600 tons. The 


weight of the ship (including the 
weight of the pilot) was 4,725 kg. 

Mention should be made of the ef- 
ficiency of the rocket engines used to 
launch the Vostok spaceship, which 
were distinguished by their exceptio- 
nally high mean thrust (economy of 
performance). Thus, the mean thrust 
of the RD-107 engine in vacuum is 
almost 30 seconds greater than the 
mean thrust of the American engine 
H-1 (this is an engine of the same 
class also using oxygen-paraffin fuel) 
which since 1966 has been used for 
the first stage of the Saturn-1B ro- 
cket. 

The re-entry system of the Vostok 
was based on its braking in orbit due 
to a small impulse developed by the 
engines. The ship had an orientation 
and control system which helped it 
to manoeuvre in flight and ensure the 
right direction of the braking impulse 
before descent. The trajectory of 
descent was selected so that the pilot 
could successfully stand the stress du- 
ring the ship’s entry into dense layers 
of the atmosphere. From the moment 
of the switching on of the engines 
right up to the moment of landing the 
ship covered about 8,000 km. The des- 
cent lasted about 30 minutes. When 
the capsule reached the pre-set altitu- 
de, the parachute system came into 
operation. 

Even if the re-entry system failed, 
the altitude of the orbit of the ship 
guaranteed its landing, due to aerody- 
namic braking, in the upper layers of 
the atmosphere, not more than 10 
days after the launching. 

The thorough preparation of the 
Vostok spaceship as well as the pre- 
launching tests ensured the complete 
success of man’s first flight in space. 
This flight by Yuri Gagarin proved 
that man can normally stand the con- 
ditions of space travel: the launching 


into orbit. orbital (light and the state 
of weightlessness, and return to Earth. 
The assumptions of the scientists were 
confirmed that man could fully retain 
his working capacity in conditions of 
weightlessness. 

The flight provided highly valuable 
information on the operation of the 
on-board systems and equipment. The 
reliability of the carrier rocket and 
the efficiency of the ship’s design were 
fully confirmed. 


Chain of Exploits 


The success of Gagarin’s flight made 
it possible to start immediate prepa- 
rations for the next space flight, 
which was to be much longer. The 
flight was made by Herman Titov in 
Vostok-2 launched on August 6, 1961. 

The design and equipment of Vos- 
tok-2 were similar to those of its pre- 
decessor. The distinguishing feature 
of Titov’s flight was that it lasted lon- 
ger (17 orbits) and that a greater vo- 
lume of research work was carried 
out under the flight programme. 
Among other things, Titov made me- 
teorological and geophysical observa- 
tions. fle was the first to use a motion 
picture camera in space. [lis film pro- 
vided meteorologists with valuable 
material for the study of cloud fields 
and for assessing the possibilities of 
making meteorological investigations 
with Earth satellites. 

Since Titov’s flight was to be a len- 
gthy one, special measures were ta- 
ken to protect him from radiation ex- 
posure. Before the launching and dur- 
ing the entire flight an extensive net- 
work of astronomical observatories 
made regular observations of the Sun, 
employing a number of methods for 
accurate forecasting of increases in 
solar activity and the occurrence of 


flares. Balloon probes were also laun- 
ched systematically in different parts 
of the Soviet Union, particularly in 
the Arctic latitudes, for directly regis- 
tering the intensity of cosmic radia- 
tion in the stratosphere and _ higher. 
The information obtained by these 
methods was immediately processed 
and communicated to the staff in 
charge of the flight. This information 
was taken into consideration when 
determining the day of the flight and 
its mission. 


“Handshake” in Space 


The next step in the exploration of 
space came with the launching, on 
August 11, 1962, of Vostok-3 piloted 
by Andrian Nikolayev, and of Vos- 
tok-4, orbited the next day. piloted 
by Pavel Popovich. 

The distinguishing feature of this 
flight was that Vostok-4 was put prac- 
tically in the same orbit as Vostok-3. 
The distance between the two ships 
at the moment Vostok-4 was put into 
orbit was only 6.5 km. This demon- 
strated the exceptional accuracy of 
the carrier rocket’s control system 
as well as the high automation stand- 
ards of the launching complex and 
satellite tracking means. 

The volume of investigations per- 
formed by the astronauts was much 
greater than on preceding flights. In 
the course of the flight various phy- 
siological functions of the astronauts 
were registered. Experiments were 
made in “floating” during which the 
pilots remained for a long time sus- 
pended in the cabin so as to check 
the reaction of the vestibular organs 
to a state of weightlessness and to see 
how pilots could orient themselves. 

The spaceship carried a great ma- 
ny biological test objects which were 


used for studving the elfects of cos- 
mic radiation. 

The flight of Vostok-3 and Vostok-4 
demonstrated the solution of several 
serious problems: putting two space- 
ships into close orbits with very high 
precision; the establishment of two- 
way communication in space, provi- 
ding conditions for a prolonged flight. 
The experiment also showed that an 
astronaut retained his ability to work 
for a long period in a state of weight- 
lessness, that it was possible to make 
a comparative analysis of the reacti- 
ons of two astronauts during such a 
flight, and to achieve the practically 
simultaneous landing of spaceships in 
a preset area. 


A Woman Space Pilot 


The year 1963 saw one more twin 
flight performed by Valery Bykovsky 
in Vostok-5 and Valentina Tereshko- 
va in Vostok-6. To this day Valentina 
Tereshkova remains the world’s only 
woman astronaut. The mission of that 
twin flight was to continue study of 
the effect of space flight on the hu- 
man body and the capacity for work- 
ing. The first space flight by a woman 
provided data for ascertaining the re- 
actions of a woman's organism to the 
specific conditions involved. 

As a result of this experiment the 
conclusion was drawn that space 
flight did not involve conditions un- 
endurable for a trained man or wo- 
man. 

Bykovsky remained in a state of 
weightlessness for five days, and 
although his record was broken later. 
it can be said that it was actually this 
flight that proved the possibility of 
a person remaining in space for a 
lengthy period. It was found that on 
the 4th or 5th day of weightlessness 


one’s physiological functions became 
adapted to the new conditions. Further 
development of compensatory pheno- 
mena should lead to stable adaptation 
of the body to conditions of weight- 
lessness. However, there remains the 
danger of pathological phenomena du- 
ring flights of much greater duration. 
This problem still calls for thorough 
study. 

During the flight an extensive pro- 
gramme of experiments, observations 
and filming was carried out. 


Space Trio 


The opportunities of carrying out 
research during space flight increased 
greatly when Soviet scientists devel- 
oped a multi-seater spaceship. The 
crew that made a flight in it consisted 
of Vladimir Komarov. commandcr: 
Boris Yegoroy, a doctor; and Konstan- 
tin Feoktistov, a scientist. 


The flight of the three-seater Vos- 
khod marked the beginning of space 
expeditions including scientists in the 
crew. 

The presence of a scientist and a 
doctor on board the ship helped to ex- 
pand substantially the programme of 
research, to make various astronomic- 
al, geophysical and medical observa- 
tions. 

Voskhod was put into a higher or- 
bit than Vostok had been. The astro- 
nauts did not wear spacesuits. To en- 
sure greater safety in landing Voskhod 
was fitted with two retro-engines. 


Walk in Space 


The flight of Voskhod-2, the sccond 
multi-seater, marked another qualita- 
tively new stage in space exploration. 
It was during this flight that Alexei 


Leonov took a walk in space, the 
world’s first experiment of this kind. 
He left the spaceship cabin through 
a special air lock and for 12 minutes 
remained in airless space, protected 
only by his spacesuit equipped with 
an autonomous life-support system. 
Leonov’s walk in space ranks on a 
par with such stages in space research 
as the launching of the first satellite 
and the pioneer flight of Yuri Gaga- 
rin. 

To carry out the diverse operations 
involved in space research a person 
must be able to work in conditions 
of outer space while outside the ship. 
This is necessary, for instance, when 
astronauts have to go from one spa- 
ceship to another or to repair space- 
craft in flight, etc. 

Belyayev and Leonovw’s flight sho- 
wed that an astronaut wearing a spe- 
cial spacesuit with an autonomous li- 
fe-support system could leave the 
ship, move freely in outer space and 
work there. 

Another distinguishing feature of 
this flight was the use of manual con- 
trols ‘during the spaceship’s descent, 
an operation which was _ brilliantly 
performed by first. pilot Pavel Belyay- 
ev. 


Lives Lost in the Name of Human 
Progress 


The road into space is unexplored, 
and it is hard in such a vast under- 
taking to avoid casualties. Any scout- 
ing is dangerous, but scouting in space 
is doubly so. 

On April 23, 1967, the new space- 
ship Soyuz-1, piloted by Vladimir Ko- 
marov, was put into orbit in the So- 
viet Union. 

During the test flight, which lasted 
more than 24 hours, Komarov, com- 


pleted the programme of the ship's 
systems workout and madc the scient- 
ific experimcnts planned. 

When completing this flight, astro- 
naut Komarov had covered the most 
difficult section of descent and brak- 
ing of orbiting velocity, and was at a 
low altitude from the Earth when the 
parachute system failed. This led to 
the death of the astronaut. 

An incongruous accident robbed So- 
viet astronauts of Yuri Gagarin who 
died during an ordinary training 
flight. 

The death of these courageous as- 
tronauts was a great loss to all man- 
kind. Humanity will always cherish 
the memory of the glorious sons of 
the Soviet Union. Their heroism and 
fearlessness will never be forgotten. 


On the Road to the Stars 


The exploration of outer space is un- 
thinkable without the docking of 
spaceships in orbit. To put one kilo- 
gram of payload into orbit around 
the Earth calls for about 50 kg of 
the initial weight of the carrier ro- 
cket. That is why spacecraft of great 
weight and long life should be as- 
sembled in orbit from parts delive- 
red from the Earth by comparative- 
ly low-powered carrier rockets. 
Docking will also be necessary for 
deliveries of fuel, food and for the 
replacement of crews on a “coast- 
ing” orbital station. 

Spaceships can be docked entirely 
automatically or with man’s partici- 
pation, which naturally provides an 
easier solution of this problem. 

Research into the development of 
the necessary devices and mecha- 
nisms for automatic docking in orbit 
was done in the Sovict Union. To test 
the soundness of the scientific ideas 
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and design solutions the experimen- 
tal sputniks Kosmos-186 and Kos- 
mos-188 were built. 

Kosmos-186—“‘the active” sputnik 
—was put into a _ circumterrestrial 
orbit before Kosmos-188. In a three- 
day flight the sputnik’s on-board sys- 
tems were checked, along with the 
engines, and the correct fulfilment 
of various manoeuvres; corrections 
of the orbit were also carried out. 
Then, on October 30, 1967, Kosmos- 
188 was launched at a carefully pre- 
calculated time. At the moment of 
its insertion into orbit the distance 
between the sputniks was 24 km. 
The homing systems .of both sput- 
niks conducted reciprocal search and 
measured the parameters of their 
respective movement. On the basis 
of these data. on-board electronic 
systems worked out commands for 
the orientation of the sputniks with 
respect to each other, and their ori- 
entation and movement control sys- 
tems automatically carried out the 
necessary manoeuvres’ in space. 
When the distance between the sput- 
niks was not more than several hun- 
dred metres, further approach was 
carried out by means of a system of 
special low-thrust engines. The sput- 
niks kept approaching until their co- 
upling devices linked mechanically. 
The docking operation over, both sa- 
tellites flew for 3.5 hours as a single 
complex. Then, following a command 
from Earth, the sputniks uncoupled 
automatically. April 15, 1968, saw 
the second automatic linking in orbit 
of the satellites Kosmos-213 and 
Kosmos-212. 

The satellites were in linked flight 
for three hours 50 minutes carrying 
out a research programme as a single 
research complex. Then they were 
unlinked and put into different orbits 
to continue the flight programme. 


Five days later, having completed 
the programme of experimental inves- 
tigations, Kosmos-212 and Kosmos-213 
were returned to a preset area of the 
Soviet Union, following a command 
from Earth. 


Rocket Flies to the Moon 


As space research developed man 
acquired a realistic opportunity to 
begin the study, by direct methods. 
of other celestial bodies and especi- 
ally the Moon. Such investigations 
have immense importance. In origin 
and development the Moon apparen- 
tly has much in common with the 
Earth. At the same time its surface 
layers are not subject to the effects 
of atmosphere, as on the Earth. <A 
comparative study of the two will 
therefore provide a key to under- 
standing the development of | the 
Moon and of our planet. The results 
obtained will be an important con- 
tribution to the treasury of human 
knowledge. 

The use of space vehicles in the 
study of the Moon began soon after 
the launching of the first artificial 
Earth satellite. 

On January 2. 1959. the Soviet au- 
tomatic probe Luna-1, weighing 
361.3 kg was boosted to escape velo 
city for the first time. After 34 hours 
of flight it passed the Moon at a dis 
tance of 5,000-6.000 km and entered 
an orbit of an artificial satellite of the 
Sun thus becoming its new planet. 

September 12. 1959 saw the laun 
ching of the Luna-2 probe. At 00 
hours 02 minutes (Moscow time) on 
September 14, 1959 this probe weigh. 
ing 390 kg landed on the Moon near 
the Crater of Archimedes. It delive- 
red a sleel sphere and a pennant with 
the Soviet national emblem. Their 


safe landing was ensured by the pro- 
be’s design despite the impact (the 
velocity of collision with the Moon 
was three km per sec). 

The on-board magnetometers 
made magnetic measurements down 
to a height of 55 km above the lu- 
nar surface. It was found that the 
Moon has no magnetic field (the per- 
missible error of the magnetometer 
was 60 gammas). It was also estab- 
lished that the Moon has no radia- 
tion belts, this result being in keep- 
ing with the preceding finding. 

A certain increase in the concen- 
tration of ionized particles was re- 
gistered in the vicinity of the Moon 
as compared to the interplanetary 
medium. That is, it can be said that 
there is an cxtremely rarefied ionos- 
phere around the Moon. 

Twenty days later the third auto- 


matic probe—Luna-3 was launched. 


Its purpose was to fly around the 
Moon, photograph the far side which 
is invisible from Earth and transmit 
the pictures back to Earth. The 
probe had an automatic system to 
orient it in space with respect to 
the Sun and the Moon. It also car- 
ried photo and television equipment 
with automatic film processing. 

During the first session the entire 
illumined area of the lunar surface 
was photographed, although this af- 
forded less details of the physical 
features than can be obtained with 
side illumination. 

The photographs were sent back to 
Earth in a way similar to that used 
in the transmission of motion. pictu- 
res by TV stations. The signals re- 
ceived were registered on film, mag- 
netic tape, electrochemical paper 
and on special clectron-ray tubes 
with long image retentivily. 

The photographs obtained made 
a major contribution to science. 


Reportage From the Ocean of Storms 


The next stage in the exploration of 
the Moon was the soft landing of a 
vehicle on its surface. 

The first three probes of the Luna 
series were launched directly from 
the ground by a continuous boosting 
of velocity to the necessary value. 
followed by coasting flight to the tar- 
get. Moonward flight with a soft 
landing at the end required a more 
complex launching: the probe was 
first to be put into an Earth satelli- 
te orbit. and from this orbit it was 
to be fired at a set time with subse- 
quent boosting of speed until it rea- 
ched escape velocity: then, as it ap- 
proached the Moon, correction of 
the trajectory was to be made; and 
finally, deceleration must be carried 
out by means of a retrorocket to en- 
sure a soft landing. In preparation 
for this five automatic probes were 
launched to the Moon in 1965. These 
helped to develop the trajectory ra- 
dio control systems, on-board appa- 
ratus, the astro-orientation system 
and the autonomous control instru- 
ments. The necessary research was 
completed, and finally on January 31. 
1966. the Luna-9 probe weighing 
1.583 kg was launched. 

On February 3 it made the world’s 
first soft landing on the Moon’s sur- 
face, on the eastern part of the 
Ocean of Storms, between the cra- 
ters of Galileo and Cavalieri. For the 
next three days, the probe which 
weighed 100 kg transmitted to Earth 
pictures of the lunar surface and va- 
rious telemetery data. 

The site chosen for the landing 
was on the illuminated part of the 
lunar surface near the morning ter- 
minator to ensure the most favou- 
rable conditions for photography. 
Since the lunar surface was photo- 


graphed when the Sun was at dif- 
ferent heights over the lunar hori- 
zon the length of the shadows from 
ihe uneven features of the relief va- 
ried. From the photographs it was 
possible to determine the shapes of 
depression and promontories. 

The panoramas transmitted gave 
extensive material for the study of 
the morphological and_ geological 
features of the landing place. There 
the surface is. on the whole, of a 
‘“pocked” cellular nature. The potho- 
les or ‘‘craters” are small round pits 
with sometimes a barely discernable 
ridge. There are large numbers of 
stones mainly near the edges of the 
craters. 

Clearly seen on the panoramas arc 
about 20 linear structures 20-30 cm 
long. Also seen are mixed, interme- 
diary details without characteristic 
aspect or form. Stereoscopic analy- 
sis of the panoramas resulted in a 
physical map of the area. 

The information transmitted by 
Luna-9 proved very valuable in de- 
termining the radiation conditions 
on the lunar surface. 

On December 24, 1966, the Soviet 
probe Luna-13 made a soft landing 
on the Moon, also in the Ocean of 
Storms. 

The main task of this probe was 
to transmit to Earth pictures of one 
more section of lunar relief. The stu- 
dy of the physicochemical properti- 
es of the lunar surface directly at 
the landing place was carried out 
with a penetrometer, a dynamograph 
and a radiation density meter. The 
radiation conditions were assessed 
by gas discharge counters. All this 
instrumentation had previously been 
calibrated on Earth ground of “lu- 
nar’ type. This made it possible to 
make a comparative assessment of 
the results of measurements. It tran- 


spired that the density of the surface 
layer of the Moon was about 0.8 
gram cu. cm, 1. ¢c.. much less than 
terrestrial ground and the average 
density of the Moon. The indentor 
of the penetrometer went 45 mm into 
the lunar soil. This value means that 
there was a loose granular surface 
with a volumetric weight of less than 
1 gr/cu. cm. The duration and value 
of the acceleration impulse. registc- 
red during the landing of the probe 
by the dynamograph. confirm that 
the afore-mentioned measurements 
were correct. The data on the gas 
discharge counters coincide with the 
results, obtained by similar instru- 
ments in the Luna-9 probe. 


Satellite of a Satellite 


On April 3, 1966. the Luna-i0 probe 
was put into a lunar orbit. This expe- 
riment marked a new stage in the 
exploration of the Moon and _ near- 
Moon space. 

The flight of Luna-10 began in the 
same way as other luniks’. The roc- 
ket which was launched on March 
31, 1966, put Luna-10 first into an 
orbit around the Earth satellite alti- 
tudes of 250 km (in apogee) and 
200 km (in perigee). Then the roc- 
ket’s speed increased to 10.87 km 
per sec. and the vehicle changed over 
to a trajectory of flight to the Moon. 
However, at that time the trajectory 
of the flight was aimed not at some 
definite point of the surface of the 
Moon, but at a point 1,000 km from 
it. The artificial Moon satellite weigh- 
ing 245 kg separated from the or- 
biting system after the rocket liqu- 
id-fuel jet engine was switched on 
twice—for trajectory correction and 
for braking during entry into a near- 
Moon orbit. The angle of inclination 


of the satellite orbit to the plane of 
the lunar equator was 71°54’, and 
the satellite's maximum and minimal 
altitude over the lunar surface was 
1.017 and 350 km respectively. 

Luna-10 was fitted out with instru- 
ments for investigations of near- 
Moon space. 

During the very first days of ils 
flight in a lunar orbit the probe re- 
gistered a weak. homogeneous and 
very regular magnetic field. 

The data obtained with charged 
particle traps made it possible to re- 
ach some conclusions concerning the 
length of the tail of the Earth's 
magnetosphere, fluxes of solar plas- 
ma in near-Moon space and the up- 
per border of the concentration of 
charged particles in the ionosphere 
of the Moon. The study of the natu- 
re of radio signals when the satel- 
lite went behind the Moon and then 
emerged again showed that the Moon 
had no noticeable gas medium. Late- 
ral gas discharge counters had 
determined very accurately _ the 
intensity of cosmic rays at various 
distances from the Moon and of low 
energy particles in the area of the 
tail of the Earth’s magnetosphere. 
The measurements of Roentgen ray, 
infra-red ray and gamma ray emis- 
sions and of the surface layers of 
the Moon told scientists that the to- 
lal intensity of the emissions was on 
the whole comparable to the inten- 
sity of radiation over the rock of 
the Earth crust only somewhat great- 
er. 

Observations of the changes of the 
parameters of the movement of Lu- 
na-I0 made it possible to assess the 
heterogeneous nature of the Moon’s 
gravitational field. It appears that 
the anomalies thereof are not great. 

Luna-f1 and = Luna-12 continued 
the investigation of the meteorite 


and radiation conditions in near- 
Moon space, of infra-red ray and 
gamma ray emissions of the lunar 
surface, of the magnetic field of the 
Moon, of the solar plasma and gravi- 
tational field. 

Luna-12 furnished a series of pho- 
tographs of the lunar surface taken 
at distances ranging from 100 to 340 
kin. 


A New Page in the History of Science 


Economy of fuel is a problem of par- 
ticular importance in interplanetary 
flight. In this connection great pros- 
pects for space vehicles in conditions 
of lengthy flight are offered by elec- 
lrojet plasma engines. They were 
first tested as attitude control units 
of the orientation system during the 
flight of the Zond-2 probe. 

July 18, 1965 saw the launching of 
Zond-3. The main objects of its 
flight were to test the on-board sys- 
tems in conditions of lengthy space 
flight and to carry out investigations 
in outer space. 

Information was transmitted to 
Earth concerning the interplanetary 
magnetic field, cosmic rays, interpla- 
netary plasma, cosmic long-wave ra- 


dio emission, and  micrometeorite 
particles. Zond-3 photographed the 
still unregistered portion of the 


Moon’s far side. Photographing was 
done at a distance of 9,220-11,570 
km. Thirty-three hours after its la- 
unching Zond-3 had_ photographed 
practically all the regions not cove- 
red by Luna-3 in 1959. Within 68 
min 25 pictures were taken. The 
photo and television equipment pro- 
vided transmission to Earth of high- 
quality pictures with plentiful deta- 
ils, since each frame consisted of 
1.100 lines with 860 clements per 


linc. (For comparison it should be 
noted that when Mariner-4  trans- 
mitted photographs of Mars each 
frame consisted of 200 lines’ with 
200 elements per line, while the 
Ranger pictures of the Moon consis- 
ted of 800 lines with 800 elements 
per linc.) 

Scientists now have photographs 
of practically the entire lunar sur- 
face. Out of the total of 19 million 
square kilometres of the far side of 
the Moon’s surface only about 1.5 
million square kilometres remain un- 
photographed. 


Surface features of that side dis- 
covered in 1959 have been confirmed. 
A continental distribution :of ground 
with vast depressions and an abun- 
dance of craters of different sizes 
are typical of the far side. Forma- 
tions which are not found on the vi- 
sible side have been. discovered— 
numerous chains of small craters ex- 
tending for hundreds of kilometres, 
and sea-like formations known as 
thallassoids. Whereas on the visible 
hemisphere about 40 per cent of the 
surface consists of plains, called seas. 
these constitute only 10 per cent 
of the surface on the far side. 


A schematic map of the eastern 
section of the far side of the Moon 
was made and work was done to 
compile a map of the entire lunar 
surface. 


Rockets Fly Through Galaxy 


The year 1961 saw the beginning of 
flights to the planets of the solar svs- 
tem. 

Venera-1, the first interplanetary 
probe, was put into a trajectory, pas- 
sing near the planet Venus, on Feb- 
ruary 12, 1961. In November 1962 


the Soviet probe Mars-1 was launch- 
ed in the direction of Mars. 

At present rockets flights to other 
planets can be carried out only at 
a certain time, depending on the po- 
sition of the planets. This suitable 
lime comes at intervals of 19 
months, for flights to Venus, and 25 
months, for flights to Mars. 

A flight to Venus takes about four 
months, and to Mars—six or seven 
months. Before reaching these pla- 
nets a space vehicle covers hundreds 
of millions of kilometres. The deve- 
lopment of rocket systems, of navi- 
gation and long range space com- 
munications are difficult) problems 
that must be solved to achieve this. 
An equally serious problem is that 
of launching an interplanetary probe 
from aboard a superheavy artificial 
earth satellite. Though  basie — solu- 
tions have been found to these prob- 
lems, persistent work will have to be 


done for some years before such 
flights can be made. 
Radio communication failed with 


Venera-f on February 27, 1961 mak- 
ing it impossible to perform the ne- 
cessary corrections of the trajectory. 


The probe passed near Venus 
and entered an orbit) around the 
Sun. 


Mars-f supplied a substantial amo- 
unt of information about the = state 
of outer space up to a distance of 
somewhere around 106 million km. 

Venera-2, weighing 968 kg. was 
launched on November 12. 1965. 
After the probe went into its interpla- 
netary trajectory its) orbit was so 
close to that pre-set that it was de- 
cided not to do any correcting with 
the liquid fuel engine. The probe 
passed Venus on February 27. 1966. 
ata distance of 24.000 km. 

There were 26 communication scs- 
sions with Venera-2. 


Soviet Pennant on Venus 


The Venera-3 probe was launched 
towards Venus on November 16, 
1965. The flight programme envisaged 
planting on the surface of the planet 
a spherical apparatus, 900 mm in 
diameter, provided with an_ insula- 
tion coating to protect it from over- 
heating during braking in the atmos- 
phere of Venus. 

On December 26, 1965, when Ve- 
nera-3 was at a distance of 12,900,000 
km from the Earth, the necessary 
correction of the flight was carried 
out. 

Three and a half months later. on 
March 1, 1966, at 09 hours 56 mi- 
nutes (Moscow time) the probe rea- 
ched Venus and planted on its sur- 
face a pennant with the Soviet Uni- 
on’s national emblem. Thus Venus 
was the second cclestial body. after 
the Moon, on which a man-made 
space vehicle was landed. 

During the 63 communication ses- 
sions with Venera-3 telemetric in- 
formation or the operation of the 
station’s systems was transmitted to 
Earth, trajectory measurements were 
taken and the necessary radio com- 
mands were sent: the readings of 
the on-board instrumentation were 
likewise transmitted. 

On October 18, 1967 Venera-4+ en- 
tered the atmosphere of Venus, and 
took the first ever direct measure- 
ments of the physico-chemical para- 
meters of the atmosphere there and 
then smoothly descended on the pla- 
net's surface. The probe weighing 
1.106 kg. consisted of an orbital com- 
partment and an instrument pack 
weighing 383 kg. 

IIere are the main results of the 
work of Venera-4+. The data received 
carlier through radio astronomical 
observalions, aboul the high tempe- 


rature of the lower 
planet’s atmosphere 
and confirmed. Most important are 
the measurements of the atmosphe- 
re’s chemical composition. It was 
assumed formerly that there was a 
large amount of carbon dioxide in 
the upper lavers of the atmosphere of 
Venus. Venera-4 proved that there 
was also carbon dioxide in 
big concentrations in the lower lay 
ers of the atmosphere, with oxyger 
and water vapour making up only 
1.5 per cent. 

As for nitrogen. it comprises less 
than seven per cent. perhaps only 
2.5 per cent. of that part of the at- 
mosphere. 

Atmospheric pressure 
mately 20 times greater 
Earth, at sea level. 


layers of the 
were verified 


is approxt- 
than on 


The apparatus installed in’ the 
probe's orbital compartment was 
used to make extensive  investiga- 


tions during the entire flight as well 
as in Venus’s near space. 

The measurements taken confir- 
med data collected during earlier ex- 
periments with other interplanetary 
probes, in heliocentric orbit. Some 
new results were also obtained. It 
was discovered, for instance, that th» 
intensity of solar cosmic rays has 
increased hundreds of times, since 
1964-65. This is connected with the 
general growth of solar activity. 

Observations of particles of cos- 
mic ravs of high energy showed that 
Venus has no radiation belt of the 
kind that surround the Earth, nor 
has it any noticeable magnetic field. 


Space Serves Man 


The development of rocketry made 
if possible to use satellites not only 
for research but also for various 


practical purposes important for the 
national economy. One of these is 
the employment of satellites for com- 


munications. Molnia-1. the first com- 


munications satellite was Jaunched 
in the Soviet Union on April 23, 1965. 

An elliptical orbit with an apogee 
of 40,000 km was chosen for it. Truc. 
a stationary orbit passing al an alti- 
tude of about 36,000 km over the 
Earth, in the plane of the equator, 
is more feasible for communicalions 
satellites. A satellite placed in such 
an orbit, so to speak, hangs suspen- 
ded over one and the same point of 
the globe. Ground antennas can be 
directed towards it permanently and 
thus ensure round-the-clock commu- 
nications. For the Soviet Union such 
an orbit is not the most advantageo- 
us, as it does not ensure communi- 
cations for areas lying north of 70° 
North. Though the Molnia-1 orbit do- 
es not “function” permanently, it 
can “cover” any area of the USSR. 
Molnia-1 rotates so as to serve the 
same area at the same time every 
day. A power unit ensures the exact 
adjustment of the rotation period. 

Subsequently several more satelli- 
tes of the Molnia series were put in 
orbit. 

Initially communications were ma- 
intained only between two points— 
Moscow and Vladivostok. Then a 
network of receiving stations, called 
Orbita, was built in remote parts of 
the Soviet Union—in Siberia, the 
Soviet Far East, the Far North and 
Soviet Central Asia. And now Cen- 
tral TV programmes, relayed via Mol- 
nia-1 sputnik, are watched by more 
than 20 million people living in these 
areas. 

The Orbita network is designed in 
the following way. A superpowerful 
ground transmitter installed in the 
Moscow area sends regular signals 


of the programmes of the Central 
TV System to Molnia-1. On the sa- 
tellite these radio signals are ampli- 
fied and sent back to Earth. The Or- 
bita receiving stations situated many 
thousand kilometres from Moscow 
catch the signals, amplify them and 
transmit them by wires to local TV 
centres. TV centres remote from the 
receiving station are linked with the 
Orbita by a small one-way radio re- 
lay line. The final link in the chain 
—the TV centre—transmits the Mos- 
cow programme received via the space 
bridge. 

The Orbita station network is one 
way in which Soviet space research 
directly benefits man. 

The Soviet Union is paying great 
attention to meteorological observa- 
tions from sputniks and to. setting 
up a global meteorological system. 
Experimental research has been car- 
ried out using a number of satelli- 
tes of the Kosmos series. A meteo- 
rological research complex was ins- 
talled. for instance. in Kosmos-122. 
This was one of the first satellites 
to obtain data on the distribution of 
clouds, the snow and ice cap, tem- 
perature of the Earth’s surface and 
the upper limit of the clouds. The 
information was used for weather 
forecasting. 

On Feb. 28 and April 27, 1967, 
Kosmos-144. and Kosmos-156 were 
put into orbit. This was the first time 
that an experimental meteorological 
system of two satellites functioning 
simultaneously began operation. The 
orbits were so selected as to enable 
observation of weather over every 
area of the globe with a time inter- 
val of six hours. The complex also in- 
cludes ground centres for control, 
reception, processing and _ transmis- 
sion of information collected by the 
Hydro-Meteorological Service of the 


USSR and of other countries. The 
processing of the information is com- 
pletely automated with the exception 
of deciphering photographs of clo- 
uds. 

This experimental meteorological 
svstem will be improved with time. 
For a complete panorama of global 
weather it will apparently be neces- 
sary to have in orbit at least four 
or five sputniks functioning simulta- 
neously. Possibly there will be a 
combination of low flying sputniks 
with those moving in very high or- 
bit. 

TV pictures of the Earth have al- 
ready been taken from the high or- 
bital sputnik Molnia-1. Special ap- 
paratus with changeable lenses was 
used ensuring coverage of all the vi- 
sible part of the globe at all altitu- 
des of flight. The pictures showed 
the distribution of large-scale cloud 
systems determining the nature of 
the weather over a vast area. 


lurther development of space me- .- 


teorology calls for more information 
from sputniks. It is necessary to have 
data on the vertical distribution of 
lemperature, concentration of humid- 
ity and some other parameters of 
the atmosphere. It is also necessary 
to determine the quantitative featu- 
res of the cloud of canopy—the alti- 
lude of its frontiers, temperature and 
volumetric structure. Most interest- 
ing in this respect was an _ experi- 
ment made with Kosmos-149. Unlike 
the ordinary meteorological sputnik 
whose programme of  actinometric 
measurements is mainly aimed at de- 
lermining the complete “outgoing” 
radiation of the Earth, in this case it 
was planned to measure radiation in 
spectrum sections. Such measurements 
provide very accurate information 
on the composition of the atmosp- 
here and on the cloud canopy. This 


is indispensable for reliable weather 
forecasting. 


Facts, Conelusions, Problems 


It is a little over ten years since the 
first experiment which opened for 
mankind the road into space was 
carried out. During these years sput- 
niks and interplanetary probes pro- 
vided information which astronomy 
had failed to give in 1,000 years. 
Thanks to successes in rocketry, spa- 
ce researchers gained unprecedented 
opportunities for making observa- 
tions. Sputnik orbits are becoming 
ever more varied, and the research 
apparatus installed in them can be 
delivered to new, formerly inaccessi- 
ble areas of outer space. Measure- 
ments are taken simultaneously with 
several vehicles which can change 
the altitude and inclination of their 
orbits. Superpowerful carrier rockets 
can take extremely heavy research 
apparatus into space. 

The theory of information has 
helped in a new way to improve the 
efficiency and reliability of space 
communications. The application of 
the principles of this theory to build- 
ing systems to transmit measure- 
ments, coupled with advances in the 
development of radionics and instru- 
ment-making, made it possible to 
send back an immense amount of 
information over hundreds of milli- 
ons of kilometres. 

Quantum electronics is confidently 
gaining ground in space communica- 
tions. Molecular generators in appa- 
ratus installed on interplanetary pro- 
bes can be used for the emmission 
of electromagnetic waves in the na- 
ture of pencil beams and for control 
and transmission of telemetric infor- 
mation over very great distances 
from Earth. 


Last but not least, man’s space 
flights and his walk in space have 
provided new opportunities for space 
research. A skilled observer can at 
will select the most interesting ob- 
jects for investigations. Man’s par- 
ticipation can help solve problems 
of the kind which automatic devices 
cannot tackle—from the analysis of 
the data obtained and rearrangement 
of observation programmes to the fi- 
nest adjustment of the on-board ins- 
trumentation. 

At the same time, despite the great 
scope. of space exploration, there has 
been felt, particularly over the past 
few vears, a need to raise quality of 
experiments and make _ integrated 
experiments with a subsequent tho- 
rough analysis. 

Not yet completed is the study of 
the numerous mechanisms of inte- 
raction of corpuscular fluxes from 
the Earth’s magnetosphere and _at- 
mosphere. Most present-day informa- 
lion on the invasion into the Earth's 
atmosphere of fluxes of solar corpus- 
cles and on the accompanying dlis- 
lurbances of our planet’s magnetic 
field are still being obtained not with 


rockets and sputniks, but through 
observations from Earth. 
Sputniks and rockets have not 


been sufficiently used for the study 
of Auroras even though this vast 
geophysical phenomenon. provides a 
vivid manifestation of the behavior 
of plasma in a magnetic field, and 
this on a seale which cannot be pro- 
duced in laboratory conditions. 

The study of the Sun’s corpuscu- 
lar emissions is especially important 
today to ensure safety from = radia- 
tion during manned flights and. to 
determine the surface doses when 
the outer elements of space vehicles 
are exposed. Large doses of exposu- 
re can produce irreversible changes 


in the paints and coatings of ships, 
dimness of lenses, intensive lumino- 
sity of surfaces, including, specifical- 
ly, optical elements, and breakdowns 
in the operation of semiconductor 
instruments. 

Still unclear is how cosmic rays 
are generated, the mechanism of ac- 
celeration of particles to tremendous 
energics and the processes responsi- 
ble for the propagation of high and 
superhigh energy particles in the Ga- 
laxy. The solution of these problems 
is connected, first of all, with preci- 
sion measurement of energy spectra, 
the chemical and isotope composi- 
tion of cosmic rays, both of low and 
superhigh energies. 

The proton-nuclear component of 
primary cosmic rays (the main one 
as to intensity and energy carried) 
has been subject to most comprehen- 
sive study. Even so, there is still a 
number of questions that remain un- 
clear to this day. Quite interesting, 
for inslance, is the search for fast 
anliprotons which should = form 
among other particles during the in- 
teraction of cosmic ray protons with 
interstellar matter. The development, 
in the past few years, of supercon- 
ductive magnets now makes it pos- 
sible to produce a magnetic analyser 
for carrying out the aforementioned 
experiment on board a sputnik. Such 
an instrument will, apart from devi- 
ding particles as to their charge (pro- 
tons and antiprotons, clectrons and 
positrons), obtain impulse spectra of 
particles, make analyses of mass and 
solve other problems connected with 
the composition of cosmic rays. 

The simultaneous” registration of 
the general component of cosmic 
ravs and of its individual features 
(various groups of nuclei) can proe- 
vide additional opportunities for a 
more detailed study of conditions in 


interplanetary (and sometimes in in- 
terstellar) space and of the proces- 
ses leading to the acceleration of 
charged particles in the Sun and to 
the emission of corpuscular fluxes. 
The best information on the com- 
position of primary cosmic rays can 
be supplied by instruments installed 
either on a long-living remote arti- 
ficial earth satellile. whose orbit go- 
es through the poles. or on the Moon 
where there is no magnetic field, 
and study of energy spectra of cos- 
mic rays. beginning with those of the 
lowest energy. can be made. 

It has been established that there 
is intense circulation in the upper 
atmosphere and consequently pro- 
cesses stimulating it. Apparently the- 
se are winds blowing in various di- 
rections. Yet, the picture of global 
circulation, of its structure with ver- 
tically ascending and _ descending 
streams still remains unclear, though 
such details are very important for 
very many geophysical processes. 

In view of the changes in _ the 
structural parameters of the terres- 
trial atmosphere, depending on_ so- 
lar activity, season, time of the day, 
etc., it is necessary to have systema- 
tic launchings of geophysical rockets 
and sputniks designed specially for 
the study of the atmosphere. A most 
important problem of further explo- 
ration of the ionosphere is the con- 
tinuation of experiments at great 
distances from the Earth in order to 
gct an idea of the altitude relations 
of the values measured. In doing so 
several methods of measuring should 
be used in the same space object. 
Such integrated experiments will 
make it possible to compare by va- 
rious methods the results obtained. 

The Roentgen emissions of the 
Quiet Sun have been studied on the 
whole, both experimentally and theo- 


retically. It now remains only to ac- 
cumulate further material and ascer- 
tain certain questions. However the 
Roentgen radiation of the Sun during 
flares is still a mystery in many res: 
pects. In this case it is necessary to 
have a development of the general 
theory of flares and the use of finer 
methods of exploration with spul- 
niks and rockets. 

It is generally known that the pos- 
sibility of astronauts being exposed 
to radiation is mainly connected 
with the radiation appearing during 
large chromospheric flares. This phe- 
nomenon discovered during the la- 
lest cvele of solar activity has not 
been studied extensively. Unfortuna- 
icly at present it is impossible to 
recommend means to protect astro- 
nauts from the eflects of cosmic ravs. 
To do this it is necessary to make 
a detailed study of energy and charge 
spectra of the corpuscular emissions 
generated during solar flares. The 
knowledge of the spectrum. will 
make it possible to determine more 
accurately the permissible doses to 
which astronauts may be exposed 
and to develop protective means. 

Very important (for long-range 
forecasting) is the clarification of the 
connection between the nature of 
corpuscular emissions of flares pre- 
senting radiation danger and _ vari- 
ous heliophysical features observed 
at periods preceding flares. 

To solve these problems a_ wide 
range of experiments with artificial 
earth satellites in combination with 
terrestrial observations must be car- 
ried out. 


The Soviet Union for Peace and Coo- 
peration in Space 


In 1967 most of the countries of the 
world signed a treaty covering the 


main principles to be observed in 
exploring and using outer space. The 
aim of the treaty is to promote ex- 
tensive international cooperation in 
the conquest of outer space. 

The Soviet Union regards its pro- 
eress in space research as an achie- 
vement of all mankind. The Soviet 
Union’s cooperation with other co- 
untries takes a _ great variety of 
forms—bilateral and multilateral ag- 
reements on joint research, interna- 
tional conferences of scientists, ex- 
changes of scientific publications and 
work in international organizations. 

Initially international cooperation 
in space research was limited to ex- 
changes of the data obtained and 
results of experiments made. The 
prevailing trend now is for scientists 
and specialists from different coun- 
tries to work jointly in the conquest 
of space. 

Cooperation of this nature exists 
among socialist countries. Soviet sci- 
entists have bonds of close friend- 
ship with the scientists of Bulgaria, 
Hungary, the GDR, Cuba, Mongolia, 
Poland, Rumania, Czechoslovakia 
and other socialist countries. 

The main areas in which coopera- 
tion is developing are the study of 
physical properties of outer space, 
space meteorology, space communt- 
cations, space biology and _ medi- 
cine. 

The joint work of scientists from 
the socialist countries in space phy- 
sics, through ground observations, 
began as far back as the end of 1957, 
when the first artificial earth satel- 
lite was launched. The experience 
accumulated in visual and _ photog- 
raphic observations of sputniks made 
it possible to change over, after 
1962, to multilateral cooperation. 

Thus, implementation of more 
complicated research programmes re- 


quiring the collective effort of obser- 
vers in many countries became fea- 
sible. Besides scientists of the so- 
cialist countries, those of Holland, 
Greece, Italy, the UAR, Finland. the 
I’ RG, Sweden and other states are 
participating in some of these pro- 
grammes. 

Through joint effort of a number 
of countries synchronic photographic 
observations have been made for geo- 
detic purposes, as well as tracking 
of low-flying satellites for the study 
of transitory changes in the density 
of the atmosphere. 

The international bulletin Obser- 
vations of Artificial Earth Satellites 
carries reports on the most interest- 
ing research work. The researchers 
taking part in the collective effort 
gather annually at scientific confe- 
rences held in different countries. 

In 1965 and 1967, schools for ob- 
servers of artificial Earth satellites 
were organized on Soviet territory, 
and at these young specialists were 
trained under the guidance of pro- 
minent Soviet scientists. 

Cooperation between the socialist 
countries which is developing suc- 
cessfully in the study of the physical 
properties of outer space will cnable 
researchers in these countries to car- 
ry out, in the next few vears, some 
important scientific experiments, with 
Soviet sputniks and rockets, directly 
in space. 

A Soviet-French agreement on co- 
Operation in the study and conquest 
of outer space for peaceful purposes, 
signed in Moscow in June 1966, was 
an important step in the establish- 
ment of all-European scientific and 
technical cooperation. 

At present Soviet and French col- 
leagues are discussing the possibili- 
ties of expanding joint work in the 
Study of outer space physics. Active 


preparations are being made for a 
Soviet-French experiment. The satel- 
lite, which I'rench scientists are bu- 
ilding, is designed for investigation 
of the magnetosphere of the globe 
and near-Earth space, and will be 
placed in a _ circumterrestrial orbit 
by a Soviet carrier rockel. 

For several years Sovict and 
French physicists have been engaged 
in a joint study of electromagnetic 
phenomena in magnetically conjuga- 
te points of the Earth. Soviet scien- 
tists have worked on Kerguelen Is- 
land in the Indian Ocean, and their 
French colleagues—in the village of 
Sogra, Arkhangelsk Region. 

The developing Afro-Asian states 
are now also contributing to inter- 
national cooperation in the explora- 
tion of space. This cooperation opens 
for them the road into space though 
as yet their abilily to carry out in- 
dependent space research is limited. 

At the beginning of 1968, at a ga- 
la ceremony attended by many fo- 
reign guests, an international rockel 
range was opened in the southern 
part of India in the area of the geo- 
magnetic equator. 

The Soviet Union which together 
with other countries took an active 
part in the construction of the range 
presented valuable scientific equip- 
ment to India. 

Scientists from some countries, in- 
cluding the Soviet Union, use _ this 
range for studying the physical pro- 
perties of the upper atmosphere at 
low latitudes. 

Stations for the observation of ar- 
tifiicial Earth satellites have been sel 
up, with Soviet aid, in the UAR and 
Mali. Working side by side with So- 
viet specialists, the scientists of those 
countries gain the experience which 
will enable them to carry out their 
own research. 


An important area of the Soviet 
Union’s cooperation with other co- 
untries is space meteorology. 

The vast information coming from 
the Soviet meteorological sputniks is 


quickly transmitted to Soviet and 
foreign meteorological — establish- 
ments, via special communication 
channels. 


Soviet meteorological rockets with 
instrumentation developed by [French 
scientists were launched from Hceis 
Island (Franz Josef Land). whiie 
French specialists made observations 
from an [1-18 laboratory plane. This 
experiment, planned to study the 
temperature of the upper almosphe- 
re, was successful. 


World meteorological centres have 
been set up in Moscow and Washing- 
ton, D.C., under an agreement con 
cluded between the USSR Academy 
of Sciences and the US National Ae- 
ronautics and Space Administration. 
A direct communication channel for 
the transmission of conventional mce- 
teorological information and thal re- 
ceived from the satellite links these 
centres opened in 1964, via the 
Moscow-Warsaw-Berlin-Frankfurt am 
Main-London-Washington line. This 
channel is used for round-the-clock 
transmission of the most important 
information on the weather by sending 
photographs, facsimiles and telegraph 
signals. 


It is considered necessary, in the 
interests of the further development 
of economic, commercial and cullu- 
ral relations, to establish an_ inter- 
national communications system us- 
ing satellites. This system is to be 
built on the principles of complete 
equality and mutual benefit. It should 
ensure telephone and telegraph com 
munications, the transmission of TV 
programmes and other information. 


Any country that desired to should 
be able to join. 

Experimental colour TV transmis- 
sions between Moscow and Paris via 
the Soviet satellite Molnia-1 began 
in November, 1965. 

One of the first Soviet-American 
experiments in space communications 
was the establishment of communi- 
cation via the US satellite Echo-2. 
In the spring of 1964 that satellite 
was used for 34 communications ses- 
sions between Jodrell Bank in Great 
Britain and the Gorky University 
Observatory in Zimenki, the USSR. 

With man’s penetration into outer 
space two new sciences have appea- 
red—space biology and space medi- 
cine. Space techniques have equipped 
biologists with new means of tackl- 
ing outstanding issues, while at the 
same time confronting them with 
fresh problems. 

Notable successes in space medicine 
and biology have been achieved 
in late years by scientists in a num- 
ber of countries. Ilowever, there are 
still many problems whose solution 
demands international cooperation. 
Of considerable interest is the agree- 
ment between Soviet and American 
scientists on the joint publication of 
a book in Russian and English on 
the major achievements and _ pros- 
pects of space biology and medicine. 

Soviet scientists take an = active 
part in international congresses and 
symposiums devoted to space rese- 
arch problems. 

Annual astronautical congresses 
have been held regularly since 1950. 
They provide extensive opportunities 
for exchange of the results of rese- 
arch in a great variety of fields re- 
lating to astronautics. The Interna- 
tional Astronautical Federation, unil- 
ing astronaulical and rocketry socie- 
ties of more than 40 countries, orga- 


nizes congresses attended by up to 
a thousand scientists from different 
countries. The USSR Academy of Sci- 
ences is a member of the Federation, 
and Soviet Academician Leonid Se- 
dov has been President of the Fe- 
deration for two terms running. 


Another — scientific organization, 
set up specially for coordinating the 
efforts of researchers in different 
countries in the exploration of space, 
is the Committee on Space Research 
(COSPAR). It was formed in 1958 
by the International Council of Sci- 
entific Associations for the purpose 
of continuing the cooperation in the 
study of the upper layers of the at- 
mosphere and outer space which had 
developed during the IGY (1957-58). 
COSPAR unites leading research es- 
tablishments of more than 30 coun- 
tries as well 10 international scienti- 
fic associations engaged in space re- 
search. 

Six permanent groups made up of 
prominent scientists from different 
countries have been formed for car- 
rying out the work of coordination 
of the efforts of GOSPAR members. 


Scientists throughout the world 
have acclaimed COSPAR’s internatio- 
nal symposiums on space research, 
since they provide an opportunily 
for summing up the results of space 
research done in different countries, 
comparing objectively the results ob- 
tained and mapping oul plans for 
joint experiments. 

The Soviet Union invariably avails 
itself of the opportunities provided 
by congresses and symposiums orga- 
nized by COSPAR and the Astronau- 
tical Iederation to make the results 
of its space research accessible to the 
greatest possible number of coun- 
tries. Scores of papers dealing with 
the latest developments in space ex- 


ploration are read by Soviet scien- 
tists at each of these gatherings. 
The thoroughness and scope of 
scientific exploration and the practi- 
cal use of outer space grows steadi- 
ly, as does the number of states di- 


rectly participating in space research. 
IIence it is imperative that outer 
space should be turned into an arena 
of peace and international coopera- 
tion. 
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The first ever artifici- 
al Earth satellite laun- 
ched by the Soviet 


fe Union on October 4, 
b 1957 


7 The path fraversed by 


the first man-made sa- 


tellite after 24 hours 


of flight 


Members of an ama- 
teur astronomer circle 
in California tracking 
the first Earth satellite 


Nikolai Kibalchich 


Air vehicle by N. I. Ki- 
balchich 


“lt life is so varied 
on the Earth where 
conditions are relati- 
vely uniform, it must 
be infinitely varied in 
outer space where 
any conditions are pos- 
sible,” wrote K. E. Tsi- 
olkovsky, the great 
Russian scientist, pio- 
neer of rocket engi- 
neering, astronautics 
and the theory of in- 
terplanetary travel 


Jet device by K. Tsi- 
olkovsky 


Monument fo _ Tsiol- 
kovsky in Kaluga 
where he worked for 
years 
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One of the first soviet 
liquid-fuel rockets 
{ 1933) 


Fuelling the rocket 
with liquid oxygen 


A team of rocket de- 
signers with their brain 
child. Extreme left 
(standing), is Head 
Designer—Sergei Ko- 
rolev 


A rocket spectrograph 
for solar research 


Head of standard wea- 
ther rocket 


+" “ ee ree 


WM. 


— Pune aaripes 
TTL LLL 


~ 
4 


EH ic irqeave s 


Second Earth satellite. 
The photo shows part 
of the protective nose 
cone jettisonable when 
the satellite is put in- 
to orbit. Below the 
spring is an instrument 
for investigating short- 
wave solar _ radiation; 
lower still is a con- 
tainer with radio trans- 
mitters and a pressu- 
rized cabin for test 
animals 


Ground facilities to 
pick up signals from 
the sattelite 


Laika aboard ihe sa- 
tellite 
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Satellite of the Kosmos 
series designed to in- 
vestigate short-wave 
solar radiation 


Kosmos probe to test 
flywheel attitude con- 
trol system 


Optical satellite with 
an aerodynamic stabi- 
lizer. The connecting 
rods measure several 
meters 


Electron probes 


A Kosmos fitted out 
with proton magneto- 
metres 


Kozyavka about fo 
make a journey in a 
rocket 


Testing equipment for 
high altitude flying 


Landing of capsule 
with test animals 


in a pressure chamber 


While in the pressure 
chamber a_ trainee’s 
physical condition is 
constantly monitored 


Astronaut's training 


Space ships’ assembly 
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Vostok carrier-rocket 


The RD-107 engine 
which powered one 
stage of the Vostok 
carrier-rocket 


Engine of the Kosmos 
carrier-rocket 
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_ Superlong space com- 
| munication centre 


The walk in space 


Back from outer space 
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Automatic docking ol 
spaceships in orbit 


a 
— 
—_=— 
— 
= 
— 
—— 
— 
—_—_— 
= 
— 
— 


To the Moon! 


The Luna-3 probe 
Moon oriented probe. 
The arrows show the 
direction of the Sun 
rays 


The Luna-9 probe 


Television transmitter 
fo send back to Earth 
the first ever pictures 
of the lunar surface 


The lunar probe that 
soff-landed on the 
Moon 
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The Luna-10 and the 
Luna-12 probes 


The Luna-13 probe 


The Zond-3 probe 


The Academy of Sci- 
ences Institute of Phy- 
sics radio telescope 
(the mirror has a dia- 
meter of 22 meters) 


The Venera-4 probe 


Map of Venus. The 
arrow shows the spot 
where Venera-4 _ lan- 
ded 


Diagram of flight, ra- 
dio communicafion ses- 
sions and path correc- 
tions (Venera-4) 
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Molnia-1 communica- 
tions satellite 


The ground end of 
the space bridge 


Ground reception sta- 
tion Orbita 


Soviet weather §safel- 
lite 


4% Academician  Astislav 
* Keldysh addressing a 
press conference of 
Soviet and _ foreign 
newsmen 


Moscow greeting as- 
tronauts 
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